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) TFNTEAL— DT v NIRRT S U RIE TR B DR
BT I R EvVERGRSEEAEFETARST

RS
YRR & L’Cfﬁbi’b'fb v4 dibutyl phthalate (DBP)DFER(AZRYICHS monobutyl phthalate (MBuP)

| %5 v hOIHRENIIC S U THEROMSHUCBIETREIT L v TI, DRP DRERDARESRI A5k
FERCISH B MBuP OREHT U TS L7, 250, 500 ¥7-43 750 me/kg OO MBP %5 ~ hOEHR 15-17 BiTi
HEEORE L., R 21 BITHERT v ML TRIE~DFES TR~V 500 mg/kg SLE TR M
. 750 mg/kg TEEHERRBDETAALIVE, 500 ng/kg AL CHEEISECR LR, 750 mg/kg OHfElED -
RIRGEDETHREINL, BRI TIL, 250 me/ke LLECHE TR ROBEES LH L, AP AREZSER
SEE (AGD) B UFAGD ARSI (AGD/body weight, AGD/cube root of body weight) MEHEISRH BN,

HEREVRIZ 3V v Tid, AGD BT AGD DEEERIEMAORRIRED biveh o, ZWOLORRN L, fHE15-17 B
K L MBUP (XA R0 AAESMUICEREBE RIE L, MBUP 12 DBP 12 & BHIF o Ko 4 L ARRIOTEEA,
B THB I EAVRRENT, '

A. HFEEs
7 & g AT /LEE (PAEs) #:ﬂm} & LTS DN TEY . PAEs IXHIERFIEDRESIMME CH Y (1-4)

FHEERASRDLWA B D—E LTHMbN T 5, Bift, DBP idbutyl benzyl phthalate - (BBP)
fall Lhick FELEHEE (5-8) ARSI AET (8, 9 V- in vitro OFBRII YVTHEV A b
- VRERETT Z & SREINTEY, AR AR ShTW3, BEREICHARITOEER
B ORELREA TR, B, BEIHT D Ih b DIERE ORI AR 2 TFRAV:
BB BT HRER$H D Z EMD, PAEs DAERRRAETMA AT Z L OVEEN 4B E - T D,
PAEs D—>Tdh3 dibutyl phthalate (32&VF A, HBIRA L2, DD —F ¢ Lo 7%, R ST,
HAxh Ty, ¥, SRR b#EDR TS (10) . DBP 127> b (11-23) RUSNTA (24, 25) iZ
BOTBESHETT Z EBALNTWS, Hridkic, 7o FNOHERIBAE /I HRPEIC DBP 2851
7o & X HEFERR UEETERA /T LA GHNI L (14-16) , Mylchreest & (€1, 23) X T v
h OISR R USRI 250 ng/kg BLED DBP, E7-i33H8R 12-21 HIZ 100 mg/kg LA DBP 2455 Lzt
TR A TR ORI B RIFT T L RS U, Tox b 190 DBP A STdRkE T » hod
R 11-21 Biz52 - & #BEIRICIST AITFT- Aokt (AGD: Anogenital distance) ASHEIZEEE
L. BB TEBALLETABRORBMEESEREIC LT LML (18) | Hio, ZThbDhr
K2 AERRIDBP %5 o FOBHE 15-17 HiciRS- Lz & 3R LR ERTHI Lm0, DBP D7 Ko
B AETRRROBSITIR 15-17 B THHEE2RLE @2) ,
Monobuty! phthalate (MBUP)iXDBP % 7 v MIE L& BRI L L TERIRA Z L35G
HTCWBE (26-28) . ABFFECEY TS, DBP OATERAETITISH B MBuP DIRENZ OV vORET 57291,
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7 v hOSHRER. DBP DHTT > Fu S AFRRROBSEHNC MBP 285 L THRROMMIc 5 2 2508
o o

B. WELhE

Wistar v hfERLY, #7 v ML —RRIESE. DUIENCRE 20T » P RS L.
ZOHRZHRO B & LTLEERI—ACTIRE LS,

- EHR 15717 A2 250, 500 E72id 750 mg/kg D MBUP &7 =7 hIKERIK L L‘C&E—EUD{I&ELM
ml/kg EHEREOHE LT,
YRS o~ MK 21 B k@ﬂ@:n—-n»ﬁ@'ﬁ:cﬁﬁiﬁb FEAREL B éf&o%tﬁ-’*ﬁﬁ%‘ﬂf&
L7 AEFARIRIZOWTIL, RERHIEL., AD %/ FATRIE L, SRR 7 ik ClEesk. AR
I & o THEERHR U7, HERRIRIZ W TR RS DR AT~ ﬁ“ﬁibﬁéfbmfi—ﬂﬁéifi
& L THEHUEA T -7, : :
B3R T E N ERS AR TS TR i T To T

C. R
Z v bOERE 15-17 BIZMBUP 285 Ui & RS ~ FOBTRA Table 1 175R Lz, EeRER et

T v MIENH LIS, WThOBICLECHIMEBER SN Ao, R 1518 BORHNEERNT
500 B TR 750 mg/kg I EHETHEIIES . R 18-21 B ORHERKERIMII 750 mg/kg BEFCHEIE 7=,
ik 15-18 B OEERENT 750 mg/kg BEHF CHEICE T,

AFER UIRIROBT R A Table 21TR U7, Ml BHASRUSEARBOMIZIT MBuP 58 L xiiREE -
OEIDFEE D bivehors, TR USEHREMSE L H— 500 X750 mg/ke THEICE D7, &
TAER %03 500 BROR 750 mg/kg THEITEA 7=, 750 mg/kg IH5EHTIorT BIEHED A TEIS R o BBEH T
HA_THBIE T, R TRASE AT DRIBOHEREE T 250, 500 RUT750 mg/ke BEBECHEICL
AUk, REATHRAE, 250 ne/ke BEHEC 110 BN 0 B2 (16 BHAT 6 FHE) | 500 mg/kg REFET 71
T BRIBR6LARIR (RFHE) | 750 mg/kg BEHET 54 BRIEF I ARIE (R (cEEXns,

BEFEDRRIRD AGD % Fig. 1ITRL7=, 250, 500 BUF750 me/kg SREHETI5HT DHEIRD AGD 1T 1FBRE I,
ATHEITEL, 500 BRU750 ng/kg BEHFH TR IEREL TV V-, HEERIZEITS A 1713 MBuP 5.0
RO LNT, MBuP EHE L xR & oD IR bhihors,

AGD DIRERIC L DRIEIE (AGD/RE RN ACD/ RSN % Fig 21TR LT, 250, 500 KUK 750 mg/ke
BERTHT 2HEGIRD ACD MHIEMITREC A~ THEIC R 7z, MBuP 584 i1} SHEISR D AGD £
IR & ORDZE I Hhih o,

D. £

B dimiCIW T, Ty MOHREECIEIRE 1. %L DBP %4-% 7= & X |2 AGD SRS USSM T
RERSOBEEO FHAERH bR, HREEOT o MIRE L= DBP 1SRRI BB L BTt 2 %
oAU (18) . BiZ, ThbDEBOREIRE IR, HRE30 3 BN DBP 285 L1 &
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DECBE R FER, % 12-14 B RUSHR 18-20 BiZkiT AR5 CIIEHR RO Ah RO TN THY
FEIC S AHEEOFEDE Frgld biiehof-h%, §HR15-17 B ORE TIIREEIR0 AGD O4aREIE LS,
FEICEIAMEELERIUET I A 2288 L, . $HR15-17 HO DBP 500 mg/kg LLEDREIZ LD E
RS TR TR B8 &h, IBP (C L AATERRRE D sensitive window 13HR 15-17 HTHAZ LT
L7 @2) ,

AFERTIE, DBP DEBAHYCdH 5 MBuP DEET v MEIRD A Z{EERNZ-OV T MBuP % DBP 1= & 245458
BEHEO sensitive window (ZH 5 L'Cfﬁ%‘q‘ Ui, SEOFEBTE, HR 1517 BOMBP #5ITL ) | Bk
FEBEDTEERAETH S AGD DGR UK FRERSOIREE N, MBUP i3 DBP (=X A7 Fa#  AEROR
BSETHD ZLARREN, |

MBuP OOEHAEEERE 500 mg/kg LAEDBSERCRELL, MEGEMERAL 500 mg/kg LI OB SR THRBLE,
TRIRORERATHT DTRIB L 750 mg/ke THEAIN L, TRLORBRIT, 250 mg/kg O VBWP i3RHARUSAIR
DEFE » BRICBEBR S RIFE RV E AR LTV,

AGD (B EDRE TR THEIET AT EAROINTEY | AD OMIEME U TREDILHBR TR~ 1%
A3 Z ERBERINTWS (29) , AFRICEVTIE, #AER D AGD FHIEMA (AGD/body weight BUF
AGD/cube root of body weight) i1 HiZH~<TD MBWP BEFTHEOETHRD LN, LnhL, MRERE -
T AGD DHEIEAIZ b MBUP 542 L BREE A b o1, THbOFTRIL 250 ng/ke LLED MBUP %7 o

hOOBEHR 15-17 BITiRE Uiz & SHEBRIRO AD (B RIFT ZLARLTVWS, HiZ, 250 mg/ke LAED
MBP %5 v hORHER 15-17 BICRE Uiz L SRR TRASORESEE G LT3 Z L SHbANI o1,
a3z, T bR T-15 BIZ500mg/kg LAED MBWP %8515 & FFREIRECRUBTBARORS
SEN LR T LEWE L (B0) o 0L DT, AGD EERURM TRASIIAHASNE, KIF AT
B, BREEE, BMRAMERRIED L0 LEVEERTRET A Z EAMHLANIR D BOATERSR
IHhOE L 0 b MBuP OEHICEEHENE Z EAVNESNS, TOBRSE B THEEBIhTVS (18,
19) ,

HHEFOT o Fo 7 AEROSARNER X IF RS oV TR OIMEERED 3 D 2 L % Gray &

Gl {l=Tnb, T Redy FARATr U EUYE FaTR FRT ) (JHERRROREERT
D (G2) . HANDRETHIFA PAFECL VEEEAS (3) , Imjim & (4) i1 T M-
9300 mg (1000-1071 mg/kg) R 14-17 BICROES Lo L IO TIRAS RS h A D L e S L
TR, SHRERDBM(IT A NATu  ORBITHL VL FuFR FAF o AKFLEBATEH
% (35 36) , TREOEDESHEHR 1517 BOMRP 5L 0BT - 2 L A ASBRAREH R L T2,
FFFRIZI T, 250 mg/kg BAED MBWP 2EORETHIEICED, FRIRFRVRUVE FnT A R X
F a3 AYREURRE R E ST A Z L # AL U, WP HERERVWVER TR ey Ak
AR Ed (8) . transcriptional activation assay TF7 . Fni ' Ut74#—¢ i)ﬁ_ﬁﬁﬁ‘]ﬁﬁ‘&ﬁi‘éf;
VW (37 ZEMEESRTWS, TOOFRIL M HHRT V Fe S ARRERETAZ LR RLTRY, in
vivo CHBRENAERILT v Fad' v L 77— LRG0 b LoD S 278 LT3,

e l3oEs, HRDEIC MBP 5T 5 & DR 25 Ui b & LRROATHORR USROS
A s hh, DBP OREETARIE MBuP 2 L TRBET D L2 LT (38) . eDZOEUE, 7
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v hORHR 14 BIT0BP 2RO8HE Lz s & BEEUMRRPOFREELD DBP idh Lkt shiamod-
A5, MBuP IHEA BRI SN/ L 975 Saillenfait & (20) OBEICL>TIFFSNTY D, MBUP I IHIEHE
B (39-41) UHELTRRASE (34) 2ERTHEH S CH L Z LaBESNTEY .. AERRITL Y MBuP i
BT v Fa iy AEROES cHh 5 Z LASTRRSh,

E % . :
250, 500 T7-iX 750 mg/kg DMBP % T » hOEHR 15-17 BICHEIENIRE L. BOMMKC RIS
DNTHE LIz, 500 me/ke SLECRHACKEHINIR, 750 mg/ke TEPSHEIRBDIE T2 b, 500 ng/kg
UL CERERELCE LR 750 mg/kg THHEIORREEMETHRE SN, HERIZBVTL 250 mg/ke
LA CREBLTIRRAROEEENS R L, AGD RUr AGD OREHIEAOEEISR b, AR TR AD
RO AGD DR ERIEEDERR IR biied iz, ThbOREND, MR 15-17 Bicis L MBuP (3885
R A UICERF A BT L, MBuP 12 DBP Ik 6*‘7 v RaAEROEMERERYTH D Z L

i,

5| RSk
(11 Autian J. Toxicity and health threats of phthalate esters: review of the literature. Environ

Health Perspect. 1973; 4: 3-26.

{2l Marx JL. Phthalic acid esters: biological impact uncertain. Science. 1972; 178: 46-7.

[3] Mayer FL Jr, Stalling DL, Johnson JL. Phthalate esters as envirormental contaminants. Nature.
1972; 23B8: 411-3.

(4] . Jaeger RJ, Rubin RJ. Plasticizer from plastic devices: extraction, metabolism, and
accumlation by biological systems. Science. 1970; 170: 460-2.

f5] Jobling S, Reynolds T, White R, Parker MG, Sumter JP. A variety of environmentally persistent
chemicals, including some phthalate plasticizers, are weakly estrogenic. Environ Health Perspect.
1995; 103: 582-7.

[6] Sonnenschein C, Soto AM, Fernandez MF, Olea N, Olea-Serrano MF, Ruiz-Lopez MD. Development
of a marker of estrogenic exposure in human serum Clin Chem 1995; 41: 1888-95.

i7] Soto AM, Sonnenschein C, Chung KL, Fernandez MF, Olea N, Olea Serrano F. The E-screen assay
as a tool to identify estrogens: an update on estrogenic environmental pollutants. Environ Health
Perspect. 1995; Suppl. 7@ 113-22

(8] Harris CA, Henttu P, Parker MG, Sumpter JP. The estrogenic activity of phthalate esters in
vitra Environ Health Perspect. 1997; 105: 802-11. -

Coldham NG, Dave M, Sivapathasundaram S, McDonnell DP, Connor C, Sauer MJ. Evaluation of a recombinant
veast cell estrogen screening assay. Environ Health Perspect. 1‘3597; 105: 734-42.

(10} International Programme on Chemical Safety (IPCS). Environmental Health Criteria 189.
Di~mrbutyl phthalate. World Health Organization, Geneva, 1997.

72



{11] - Singh AR, Lawrence WH, Autian.]. Teratogenicity of phthalate esters in rats. J Pharm Sci.
1972; 61: 51-5. '

[12] Nikonorow M, Mazur H, Piekacz H Effect of orally administered plasticizers and polyvinyl
chloride stabilizers in the rat., Toxicol Appl Pharmacol .1973; 26 253-9.°

(13]  Peters JW, Cook RM. Effect of phthalate esters on reproduction in rats. Environ Health Perspect.
1973; 3: 914 ‘ '

[14] Ema M, Amano H, Itami T, Kawasaki H. Teratogenic evaluation of di~m-butyl phthalate in rats.
Toxicol Lett. 1993; 69: 197-203. ‘ '

[15] Ema M, Amano H, Ogawa Y. Characterization of the developmental toxicity of di-sbutyl
phthalate. in rats. Toxicology. 1994; 86: 163-74. '

[16] Ema M, Harazono A, Miyawaki E, Ogawa Y. Developmental effects of di-7butyl phthalate after
a single administration in rats. J Appl Toxiecol. 1997; 17: 223-9.°

(17] Wine RN, Li LH, Barmes [H, Gulati DK, ChapinRE. Reproductive toxicity of di-~sbutyl phthalate
ina continuous breeding protocol in Sprague-llawley rats. Environ Health Perspect. 1997; 105: 102-7.
(181 Ema M, Mivawaki E, Kawashima K. Further evaluation of developmental - toxicity . of
di-mbutyl phthalate following adrﬁinistration during late pregnancy in rats. Toxicol Lett. 1998; 98:
87-93. )

(19] Mylchreest E, Cattley RC, Foster PMD. Male reproductive tract malformations in rats following
gestational and lactational exposure to di(mbutyl) phthalate: an antiandrogenic mechanism? Toxicol
Sci. 1998; 43: 47-60.

(20] Saillenfait AM, Payan JP; Fabry JP, Beydon D, Langonne I, Gallissot F, Sabate JP. Assessment
of the developmental toxicity, metabolism, and placental transfer of di—mbutyl phthalate administered
to pregnant rats. Toxicol Sci. 1998; 45: 212-24.

Mylchreest E, Sar M, Cattley RC, Foster PMD. Disruption of androgen-regulated male reproductive
development by di (7butyl) phthalate during late gestation in rats is different from flutamide. Toxicol
Appl Pharmacol. 1999; 156 81-95. _ ‘

Ema M, Miyawaki E, Kawashima K. Critical period for adverse effects on development of reproductive
system in male of fspring of rats given di-mbutyl phthalate during late pregnancy. Toxicol Létt. 2000;
111: 271-8.

Mylchreest E, Wallace DG, Cattley RC, Foster PMD. Dose-dependent alterations in androgen-regulated
male reproductive development in rats exposed to di (mbutyl) phthalate during late gestation. Toxicol
Sci. 2000; 55: 143-51.

[24] Shiota K, Chou MJ, Nishimura H. Embryotoxic effects of di-2-ethylhexyl phthalate (DEHP} and
di-sbutyl phthalate (DBP) in mice. Environ Res. 1980; 22: 245-53.

Lamb JC IV, Chapin RE, -Teague J, Lawton AD, Reel JR. Reproductive - effects of four phthalic
acid esters in the mouse. Toxicol Appl Pharmacol. 1987 88: 25569,

73



Albro PW, Moore B. Identification of the metabolites of simple phthalate diesters in rat urine. J

Chromatogr. 1974, 94: 200-18.

[27] Williams DT, Blanchfield BJ. The retention, distribution, excretion, and metabolism of

dibutyl phthalate-7-14C in the rat. J Agric Food Chem 1975; 23: 854-8.

[28] Tanaka A, Matsumoto A, Yamaha T, Biochemical studies on phthalic esters. III. Metabolism of

dibutyl phthalate (DBP) in animals. Toxicology. 1978; 9: 109-23.

[29] Gallavan RH Jr, Holson JF, Stump DG, Knapp .JF, Reynolds VI. Interpreting the foxicologic

significance of alterations in anogenital distance: potential for confoundir.tg effects of brogeny body

weghts. Reprod Toxieol. 1999; 13: 383-90.

[30] Ema M, Kuroszka R, Amano H, Ogawa Y. Developmental toxicity evaluation of mono—smbutyl

phthalate in rats. Toxicol Lett. 1995; 101-6. -

(31] Gray LE Jr, Ostby JS, Kelce WR. Developmental effects of an envircrmental androgen: the fungicide

vinclozolin alters sex differentiation of the male rats. Toxicol Appl Pharmacol. 1994; 129: 46-52

{32] Jost, A., Vigier, B., Prepin, J., Perchellet, J.P., 1973, Studies on sex differentiation in

mammals. Recent Prog Horm Res. 29, 1-4L

[33] Spencer. JR, Torrado T, Sanchez RS, Vaughan ED Jr, Imperato-McGinley J. {(1991) Effects of

flutamide and finasteride on rat testicular descent. Endocrinology. 1991, 129. 741-8.

[34] Imajima T, Shono T, Zakaria O, Suita S. Prenatal phthalate causes cryptorchidism postnatally

by inducing transabdominal ascent of the testis in fetal rats. J. Pediatr. Surg. 1977; 320 .18-2L

[35] Imperato-McGinley J, Binienda Z, Arthur A, Mininberg DT, Vaughan ED Jr, Quimby FW. The

development of a male pseudohermaphroditic rat using an inhibitor of the enzyme 5 a -reductase.

Endocrinology. 1985; 116: 807-12

{36] Clark R, Antonello M, Grossman SJ, Wise LD, Anderson C, Bagdon W], Prahalada S, MacDonald

JS, Robertson RT. External genitalia abnormalities in male rats exposed in utero to
finasteride, a Sa-reductase inhibitor. Teratology. 1990; 42: 91-100.

(37] Gray LE Jr, Ostby JS, Mylchreest E, Foster PMD, Kelce WR. Dibutyl phthalate (DBP) induces

antiandrogenic but not estrogenic in vivo effects in LE hooded rats. Toxicol Sci. 1998; 42

(1-9): 178.

[38] Fma M, Kurosaka R, Harazono A, Amano H, Ogawa Y. Phase specificity of developmental toxicity

after oral administration of mono-rbutyl phthalate in rats. Arch Environ Contam Toxicol. 1996; 31:

170-6.

[39] Cater BR, Cook MW, Gangolli SD, Grasso P. Studies on dibutyl phthalate-induced testicular

atrophy in the rat: effect on zinc metabolism Toxicol Appl Pharmacol. 1977, 41: 609-18.

[40] Gangolli SD. Testicular effects of phthalate esters. EnvironHealth Perspect. 1982; 45: 77-84.

(41] Mikuriya H, Ikemoto I, Tanaka A. Urinary metabolites contributing to testicular damage induced

by butylbenzyl phthalate. Jikeikai Med J. 1988; 35: 403-9.

74



F. BoosER
L RROCRR

Ema, M. and Miyawaki, E. Effects of monobutyl phthalate on reproductive
function in pregnant and pseudopregnant ratsReprod. Toxicol., in press.

Harazono, A. and Ema, M. (2001) Effects of 4-tert octylphenol on initiation
and maintenance of pregnancy following oral administration during early pregnancy in
rats Toxicol. Lett., 119, 79-84.

Ema, M and Miyawaki, E. (2001) Adverse effects on development.of reproduétive system
in male offspring of rats given monobutyl phthalate, a metabolite of dibutyl phthalate
during late pregnancy. Reprod. Toxicol., 15, 189-194.

Ema, M. and Harazono, A. (2000) Developmental and reproductive toxicity of tributyltin
and its metabolite, dibutyltin, in ratsCong, Anom., 40, S108-5120.

Harazono, A. and Ema, M. (2000) Suppression of decidual cell response induced by
tributyltin chloride in pseudopregnant rats: As a cause of early embryonic loss. Arch.
Toxicol., 74, 632-637.

Ema, M and Harazono, A. {2000) Adverse effects of dibutyltin dichloride on initiation
and maintenance of rat pregnancy. Reprod. Toxicol., 14, 451-456.

INREEF (TS (R, IEHERARE, B08) 11— (2000) 72 VB AT L DATH
BIOEEI T 2FHERIEI 2 OV TOREDHIFE: 2L T Di (2-ethylhexyl) phthalate 354
(FDi—n—butyl phthalate {Z2OWT, BE{bEFESEE 7, 65-71.

Ema, M (2000) Reproductive and developmental toxicity of triphenyltin chloride in
rats Cong. Anom., 40, 8-13.

2. TR

Ema, M and Miyawaki, E. Decreased anogenital distance (AGD) and undescended testes
in fetuses of rats given nomobutyl phthalate (MBP) during pregnancy40th Annual Meeting,
Society of Toxicology - .

1B H EX7x/—/v A DTYyNIRITH2AHMETERASR,  FE3EN B ERTRE
el Y S Ly AN

RBEiR AL iIF E BSNLEVMEIL TOVAZEHEORD, & 3 MRS IR E S
=

Ema, M. Developmental and reproductive toxicity of tributyltin and its metabolite,
dibutyltin, inrats. 6" Scientific Meeting of the International Federation of Teratology

Society, Satellite Meeting.

75



1% R BEMEET, PTFATEL—MOTyNMIBITHBIREOES RIS TRE &
40 BIR AR EHFS : :

TE ' FE &  JohiBRIBcR 5L dibutyltin dichloride MEBGEIER - £
27 E R AR anS—2e |

C. ABRIFTANEDTUSIIN
¥
2l _ .
TR
2L
A,
L

76



